Given any natural number q > 3 we show there exists an integer t ≤ [2 log 2 (q -3)] such that an Hadamard matrix exists for every order 2 s q where s > t. The Hadamard conjecture is that s = 2.
Given any natural number q > 3 we show there exists an integer t ≤ [2 log 2 (q -3)] such that an Hadamard matrix exists for every order 2 s q where s > t. The Hadamard conjecture is that s = 2.
This means that for each q there is a finite number of orders 2 v q for which an Hadamard matrix is not known. This is the first time such a statement could be made for arbitrary q. Alternatively, the rows of A are formally orthogonal and each row has precisely u i entries of the type ±x i .
In [1] , where this was first defined and many examples and properties of such designs were investigated, we mentioned that
and so our alternative description of A applies equally well to the columns of A. We also showed in [1] that s ≤ p(n), where p(n) (Radon's function) is defined by
The most recent existence results may be found in [6, 10 ].
An Hadamard matrix, H, of order n is a square matrix with entries +1 or -1 satisfying HH T = nI n . It is a famous conjecture that Hadamard matrices exist for orders 1, 2, and 4t, where t is a natural number. Hadamard matrices, which are so named because they satisfy the equality of Hadamard's inequality, have many applications (see [7] for some) and have been studied since at least 1867.
Throughout this paper we use J for the matrix with every entry +1.
We refer the reader to [7, pp. 284, 291-292] for the salient features of how to construct the matrices B, X, .Y of order v mentioned in the proofs of Lemmas 8 and 9. We note 
A RESULT ON ORTHOGONAL DESIGNS

Proof.
It is merely necessary to note that the existence of the design of type (a, b, n -a -b) in order n implies the existence of the design of type (a, a, 2b, 2n -2a -2b), and consequently the designs of types (2a, 2b, 2n -2a -2b) and (a, 2b + a, 2n -2a -2b) in order 2n.
COROLLARY 4.
Since all the orthogonal designs of type (a, b, 4 -a -b) exist in order 4 for 0 ≤ a, b ≤ 4, we have all orthogonal designs of type (x, y, n -xy) for 0 ≤ x, y ≤ n whenever n is a power of 2.
A. V. Geramita pointed out the following nice corollary.
Since all orthogonal designs of type (x, y, n -x -y), 0 ≤ x, y ≤ n, exist in all orders for which n is a power of 2, all designs of type (z, w), 0 ≤ z + w ≤ n, exist in all orders n which are powers of 2.
THE MAIN THEOREM
The following theorem of Sylvester, which he studied because of a problem posed by Frobenius, is well known. Proof. This is folklore but almost certainly known to Sylvester and Scarpis.
THEOREM 11. Given any integer q there exists t dependent on q such that an Hadamard matrix exists of every order 2 s q for s ≥ t.
Proof. Decompose q into its prime factors, and apply the previous lemmas to each factor. The result follows because the Kronecker product of any two Hadamard matrices is an Hadamard matrix. Of course, many other corollaries can be found.
FULL ORTHOGONAL DESIGNS IN ORDERS 2 t • 3
Using the results of [1, 6] we have this lemma: CONJECTURE. All orthogonal designs of type (x, y, m -x -y), 0 ≤ x + y ≤ m exist in orders m = 2 t q for any natural number q and sufficiently large t.
EVALUATING THE POWER OF TWO IN THE THEOREM
In Corollary 7 we choose t so that Clearly in general there will be Hadamard matrices, given by the construction, of order 2 t q where t < [2 log 2 (q -3)]. We analysed a few small primes and found the smallest t indicated by the construction of this paper. For q = 239, t = [2 log 2 (q -3)] -3, in the other cases the Hadamard matrix can be constructed for a smaller t than indicated by the formula.
In Table I we tabulate the results for a few small q (the a, b, t in the table refer to Corollary 7). The first twenty-five orders, q, for which an Hadamard matrix of order 4q is not known are now listed by giving the smallest power of 2 for which 2 t q is known:
